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@ E)astisch-thermopiasti5che Pfropfpoiymensate und darauf basierende Formmassen 

(§) Ela$tisch-thermpplastlsch8 Pfropf polymensate, die durch 
radikalische Emulsionspolymerisation von harzbiidenden Vi- . 
nytmonomeren In Gegenwart von mindestens etnem in 
Lfltexform vorliegenden Kautschuk unter Verwendung einer 
Peroxodisulfatverbindung ais Initiator und mindestens eines 
eronnatischen Aldehyds im Reaktionsgenrjisch hergestellt 
worden sind. darauf basierende Formmassen, die zusatziich 
thermoplastischa Harze enthaiten und ein Verfahren zur 
Herstellung des Pfropfjpolymerisats. 
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Beschreibuhg 

Gegenstand der Erfindung sind elastisch-thermoplastische Pfropfpolymerisate. die durch Emulsionspolymeri- 
saiion unter Verwendung eines speziellen Initiatorsystems hergesiellt werden sowie darauf basierende therma- 
plastische Formmassen. «^ „ . , i 

Die Herstellung von elasiisch-lhermoplastischen Pfropfpolymcrisaien. r. B. von Pfropfkautschukcn aus Vinyl- 
monomeren und Kautschuken durch Emulsionspolymerisation isi bekannt and in zahlreichen Paientschnften, 
2.B.derEP-B 154244,beschrieben. , u « -i- u 

Dabei wird die Pfropfpolymerisation ublicherweise durch Alkali- oder Ammonmmsalze der Pcroxodischwe- 
felsaure als Radikalstarter initiiert. Bei den gangigen Einsatzmengen wird mit diesem Initiator in der Kegel 
jedoch kein vollstandiger Monomerumsatz erreicht Man kann zwar die im Polymerlatex enthaltenen Restmo- 
nomere entfernen. z. B. durch Latexentgasung (ygL z. R DE-OS 29 09 518). dies erfordert jedoch einen zustah- 
chenundtechmschauFwendigenVerfahrensschritt 

Man hat auch versucht. den Monomercnunisatz bei der Polymerisation und damit die Ausbcute zu erhohen, 
2 B. durch Anhebung der Reaktionstcraperatur, durch Erh6hung der Initiatorkonzentration und durch Zugabc 
eines Monomeren mit hoher Reaktlvitat und gutem Copolymerisationsverhalten gegen Ende der Reaktion (vgL 
US-PS 3 991 136). 

Alle diese MaBnahmen fQhren jedoch zu unerwflnschten Nebeneffekten: So ergibt die TemperaturerhShung 
Produkte mit reduzierten Molekuiargewichtcn und vcrmindcrter ZShigkeit, die Eri>dhung der Initiatorkonzen- 
tration hat die gleiche Wirkung, zusatzlich wird der Farbton im nichteinge^rbten Zustand (Rohton) verschlech- 
tert. haufig werden die Emulsionen instabiL Der Zusatz reaktiver Monomerer f Ohrt letztlich zu einer Inhomoge- 
nitat in der Polymcrzusammcnsetzung der gebildcten Produkte, die bei manchen Anwcndungen hinderlich sem 

Gegenstand der Erfindung sind elastisch-thermoplastische Pfropfpolymerisate, die durch radikalische Emul- 
25 sionspolymerisation von harzbildenden Vinylmonomeren in Gegenwart von mindestens einem in Latexform 
vorliegenden Kautschuk unter Verwendung einer Pcroxodisulf atverbindung als Initiator und mindestens eines 
aromatischen Aldehyds im Reaktionsgemisch hergestellt werden. sowie darauf baaerende Fonnmassen. Pfropf- 
polymerisat bezeichnet hier das Reaktionsprodukt zur Pfropfpolymerisation, d. h. im allgemeinen ein Gemisch 
aus eigentlichem Pfropfpolymerisat undfreiem Copolymerisat der Pfropfmonomerea 
30 Gegenuber den bisher bekannten elastisch-thermoplastischen Pfropfpolymerisaten zeichnen sidi die erfiTi' 
dungsgemaBen Polymerisate durch hellere Farbe im nichteingefarbten Zustand (Rohton) und hdhere Zahigkeit 
darauf basierender thcrmoplastischer Formmassen vQm ABS-Typ aus; das Herstelhmgsverfahren liefert eine 
hohere Ausbeute. . 

Als Kautschuk zur Herstellung der erfmdungsgcraaflen elastisch-thermoplastischen Pfropfpolymerisate eig- 
nen sich im Prinzip alle in Emulsionsform vorliegenden kautschukartigen Polymerisate mit einer Glasubergangs- 
temperatur unter 0** C 
Verwendet werden konnen z. B. 
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- Dienkautschuke, d h. Homopolymerisate von konjugierten Dienen mit 4 bis 8 C>Atomen wie Butadien, 
40 Isopren, Chloropren oder deren Copolymerisate mit bis zu 60 Gew.-%, bevorzugt bis zu 30 Gew.-% eines 

Vinylmonomeren z. B. AcrylnitrU, Methaciylnitril, Styrol. a-Methylstyrol. Halogenstyrole, Ci -Q-Alkylsty- 
role. Ci-Cs-Alkylacrylate, Ci-Ca-Alkylmethacrylate, Alkylenglykoldiacrylate. Alkylenglykfildimethacry- 
iate, Divinylbenzol; . . 

— Acrylatkautschuke, d. h. Homo- und Copolymerisate von C| — Cio-Alkylacrylaten, z. B. Homopolymerisa- 
45 ■ te von Ethylacrylat, Butylacrylat oder Copolymerisate mit bis zu 40Gew.-%, bevorzugt nicht mehr als 

10 Gew.-o/o Mono-Vinylmonomeren, z. B. Styrot Acrylnitril, Vinylbutylether. Acrylsaure(ester), Methacryl- 
saure(ester), Vinylsulfonsaure^ Bevorzugt werden solche Acrylat-kautschukhomo- bzw. -copolymerisate 
eingesetztf die 0,01 bis 8 Gew.-% Divinyl- oder Pdyvinylverbindungen und/oder N-Methylolacrylamid bzw. 
N-Methylolmethaciylamidoder sonstige'Vcrbuidungen enthalten, die als Vemetzer wirken, z. B. Divinyl- 
50 benzol, TriallylcyanuraL 

Bevorzugt sind Polybutadienkautschuke, Styrol/Butadien-Copolymer-Kautschuke mit bis zu 30 Gew.-Vo ein- 
polymerisiertem. Styrol und Acrylatkautschuke, besonders solche, die cine Kem-Schalcn-Struktur aufweiscn, 
z. B. wie in DE-OS 30 05 804 besdirieben. 

55 Zur Herstellung der erfmdungsgemaBen Pfropfpolymerisate kommen Kautschuk-Latices mit mittleren Teil- 
chendurchmessern dso von 0,05 bis 2,0 jim, vorzugsweise von 0,08 bis 1,0 und besonders bevorzugt von 0,1 bis 
0^ \im, in Betracht Die mittleren Teilchendurchmesser werden mittels Ultrazentrifuge (vgL W. Scfaoltan, R 
Lange: !Colloid-Z.u. Z. Poiymere 250, S. 782-796 (1972) bestimmt Gemischc mehrcrer Latices kdnnen ebcnfalls 
verwendet werden (vergL DE-OS 18 13 719). Diese Kautschuk-Latices konnen durch Emulsionspolymerisation 

60 hergestellt werden, die erforderiichen Reaktionsbedingungen. Hilfsstoffe und Arbeitsiechniken sind grundsStz- 
lich bekannt. 

Es ist auch moglich, nach bekannten Method en zunachst ein feint eiliges Kautschukpolymerisalt herzustellen 
und es anschlieBend in bekannter Weise zur Einstellung der erforderiichen TeilchengroBe zu agglomerieren. 
Einschlagige Techniken sind beschrieben (vgl. EP-PS 0 029 613; EP-PS 0 007 810; DD-PS 144 415; DE- 
65 AS 12 33 131;DE-AS12 58 076;DE-OS2101 650US-PS 1 379 391). 

Ebenfalls kann nach der sogcnannten Saatpolymerisationstechnik gearbeitel werden, bei der zunachst ein 
feinteiiiges Polymerisat. z. B. ein Butadienpolymcrisat, hergestellt. und dann durch Weiterumsatz mit Monome- 
ren z. B. Butadien enthaltenden Monomerengemischen zu groBerenTeilchen wcitcrpolymerisicrt wird 
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Prinziplel) kann man Kautschukpolymerisatlatices auch herstellen durch Emulgieren von fertigen Kautschuk- 
polymerisaten in wHBrigen Medien(vgL japanische Patentanmeldung 55 125 102). 

AIs Pfropfmonomere. die in Gegenwart der in Emulsionsform voriiegcnden kautschukariigen Polymerisate 
polymensiert werden, sind praktisch alle Verbindungen geeignet. die in Emulsion zu thernnoplastischen Harzen 
polymerisiert wcrden konnen. z. B. Vinylaromaten der Formel (I) oder Verbindungen der Formcl (II) bzw. dcren 
Gemische, 




wobei 

Wasscrstoff Oder Methyl, 

Wasserstoff, Halogen oder Alkyl mit 1 bis4 Kohlehstoffatomen in ortho-, meta- oder para-Steilung, 
R3 Wasserstoff oder Methyl und 

X eine CN-{^Cyano), R'*OOC-{& Ester) oder R5R<'N0C-(^Amid)-gruppe darstellL Hierbei bedcuiet R'* Was- 
serstoff oder Alky! mit 1 bis 4 Kohlenstoffatomen; und R^ unabhangig Wasserstoff- Phenyl oder Alkyl mit 1 
bis 4 Kohlenstoffatomen. 

Beispiele ftir Verbindungen der Forme! 1 sind Styrol, a-Methyistyro!, p-MethylstyroI und Vinyltoluol. Beispie- 
le fur Verbindungen der Formcl II sind Acrylmtril und Methylmethacrylat Weitere geeignete Monomere sind 
z. B. Vinylacetat und N-Phenylmaleinimid. 

Bevorzugte Monomere sind Mischungen aus Styrol uod Acrylmtril a-Methylstyrol und Acrylnitril, aus Styrol 
AcrylnitriJ und Methylmethacrylat sowie Kombhationen dieser Monomerengemische mit N-Phenylmaleinimid 

Bevorzugte erfindungsgemaBe Pfropfpolymerisate sind solche,die durch Pfropfpolymerisation von Styrol und 
Acrylnitril im Gew.-Verhaltnis 90:10 bis 50:50, vorzugsweise 80:20 bis 65 :35 (wobei Styrol ganz oder 
teilweise ersetzt werden kann durch a-MethylstyroI oder Methylmethacrylat) in Gegenwart von solchen Men* 
gen Kautschuk, vorzugsweise Polybutadien, erhalten werden, daB Pfropfpolymerisate mit Kautschukgehalten 
von 20 bis 80 Gew.-%, vorzugsweise 30 bis 75 Gew.-% und Ijesonders bevorzugt 35 bis 70 Gew.-% resultieren. 

AIs Peroxodisulfatverbindungen werden vorzugsweise Alkalisalze oder das Anjmomumsalz der Peroxodi- 
schwefelsaure eingesetzt, besonders bevorzugter Initiator ist Kaliumperoxodisulfat 

Er^ndungsgem&B einsetzbare aromatische Aldehyde sind z. B. solche der allgemeinen Formeln (III) und (IV), 




m (TV) 

m«l,2 
n«0,1 

p,q.r «0.1,2,3 

wobei R', R^ und R^ unabhangig voneinander Alkylreste nut 1 bis 4 Kohlenstoffatomen, Alkoxyreste mit 1 bis 4 
Kohlenstoffatomen und Benzyloxyrestedarstellea 

Beispiele ftir Verbindungen der Formel HI sind Benzaldehyd, 2-Methylbenzaldehyd, 3-Methylbenzaldehyd» 
4-MethylbenzaIdehyd/ 2,4,6-Trimethylbenzaldehyd, 2-Methoxy benzaldehyd, 3-Methoxybenzaldehyd, 4-Me- 
thoxybenzaldehyd, 2,3-Dimeihoxyben2aIdehyd, 2,4-DiniethoxybenzaIdehyd, 2^5- Dimethoxy benzaldehyd. 3,4-Di- 
methoxybenzaldehyd, 3,5-Dimethoxybenzaldehyd,23,4'Trimethoxyben2aldehyd,3,4^-Trimethoxybcnzaldehyd, 
2-Ethoxybenzaidehyd, 3'Ethdxybenzaldehyd, 4-Ethoxyben2aldehyd. Benzyloxybenzaldehyd, Phthaldialdehyd, 
Isophthaldialdehyd,Terephthaldialdehyd. 

Beispiele fur Verbindungen der Formel IV sind Naphthalin- 1 -carbaWehyd und Naphthalin-2-carbaldehyd. 

Bevorzugte Aldehyde sind Benzaldehyd und 4-Methoxybenzaldehyd, besonders bevorzugt ist Benzaldehyd. 

Wesentliches Merkmal der erfindungsgemSBen elastisch-thermoplastischen Pfropfpolymerisate ist/daB die 
Pfropfpolymerisalionsreaktion zM ihrer Herstellung in Gegenwart von mindestens cinem aromatischen Aldehyd 



DE 44 .15 336 Al 



durchgefuhrt wird. Dabei kann der aromalische Ardehyd zu jedem beliebigen Zeitpunkt dem Reaktionssystem 
zugefiihn werden. 

So kann der Aldehyd vor Beginn der PfropFrcaktion ganz oder leilweise im Kautschuklatex bzw. der waBrigen 
Phase cmulgicrt vorlicgen oder im Laufe der Reaktion portionsweise oder kontmuierlich, z. B. zusammen niit 
den Pfropfmonomeren, zugegeben werden. 

Bevorzugt ist eine gemeinsame Vorlage der Peroxodisulfatverbindung und des aromatischen Aldehyds im 
Reaktor vor oder zu Beginn der Monomerzugabe oder die Vorlage der Peroxodisulfatverbindung im Reaktor 
vor oder zu Beginn der Monomerzugabe und eine kontinuieriiche Zugabc des aromatischen Aldehyds zusam- 
men mit den Pfropfmonomerea vorzugsweise wfihrend der erstcn Hfiifte der Gesamtmonomerzudosierzeit 

Bel der Herstellung der erfindungsgemaDen elastisch-thermoplastischen Pfropfpolymerisate gemaB dem 
erfrndungsgemiBen Verfahren k5nnen die tibiicherweise als Molekulargewichtsregler eingesertzten Verbindun- 
gen wie z. B. Mercaptane oder dOnneres a-Methylstyrol verwendet warden. 

Als Emulgatoren sind praktisch.alle Emulgatortypen (anionische, kationische und nichtionische Emulgatoren) 
geeignet, bevorzugt werden anionische Emulgatoren eingesetzt 

Geeignete anionische Emulgatoren sind beispielsweise Natrium-^ Kalium- oder Ammoniumsalze langkettiger 
Fettsauren mit 10 bis 20 Kohlenstoffatomen, z. B. Kaliumo!eat,Salze der disproportionierten Abietinsaure, Salze 
langkettiger Benzolsulfonate, Salze langkettiger Sulfonsauren, z. B. die Natriumsalze von C9— Cis-Alkylsulfon- 
s^ure-Gemischen und Salze von DicarbonsSuren auf Basis cyclischer Kohlenwasserstoffgeruste gem^B DE- 
OS 36 39 904 und DE-OS 39 13 509. 

Als Reaktionstemperaturen konnen beliebig solche Temperaturen gewahlt werden, bei denen die eingesetz- 
ten Initiatorverbindungen in ausreichendem MaBe Radikale zur Ausldsung und Aufrechterhaltung der Polyme- 
risationsreaktion liefern. Dieser Temperaturbereich liegt etwa zwischen 50"C und 120* C, vorzugsweise zwi- 
schcn55Xund75°C 

Die Einsatzmengen an erfmdungsgemaB einzusetzendem aromatischem Aldehyd sind frei wahlbar, im allge- 
meinen liegen sie bei 0,05 bis 5 Gew.-Teilen, bevorzugt bei 0.08 bis 3Gew.-Teilen (jeweils bezogen auf 
100 Gew.-Teile Monomer); das Gewichtsverhaltnis aromatischer Aldehyd: Peroxodisulfatverbindung liegt vor- 
zugsweise zwischen 1:10 und 3:1. besonders bevorzugt zwischen I : 5 und 2:1. 

Ein weiterer Erfindungsgegenstand sind therraoplastische Formmassen enthahend die erflndungsgemSB her- 
gestellten elastisch-thermoplastischen Pfropfpolymerisate. 

Zur Erzeugung dieser Formmassen wird das Pfropfpolyroerisat mit eineifi Matrixharz gemischt 

Geeignete Matrixharze bestehen z. B.aus Copolymerisaten des Styrols und Acrylnitrils im Gewichtsverhaltnis 
^90 : 10 bis 50 : 50, wobei das Styrol ganz oder teilweise durch a-Methylstyrol oder Methylmethacrylat ersetzt 
werden kann und wobei gegebenenfalls antdilmlBig bis zu 25 Gew.-%, bezogen auf Matrixharz, ein weiteres 
Monomeres aus der Reihe Maleinsaureanhydrid, Malein- oder Fumarsliurebisalkylester, Maleinsaureimid, 
N-(Cyclo)-alkylmaleinimid, N-(Alkyl)-phenyInialeininiid, Indenmhverwendet werden kann- 

Einzeiheiten zur Herstellung dieser Harze sind beispielsweise in Her DE-AS 24 20 358, der DE-AS 27 24 360 
undder EP-A 255 889 beschrieben. Durch Masse* oder L5sungspolymerisation hergestellte Matrixharze haben 
sich besonders bew^hrt Zur Herstellung der Formmasse kaan das Pfropfpolymerisat mit dem Matnxharz auf 
versdiiedene Weise gemischt werden. Erfolgte die Herstellung des Matrixharzes durch Emulsionspolyxnerisa- 
tion, so kdnnen die Latices gemischt und gemeinsam ausgef^lt oder audi getrennt ausge^t und die resultieren- 
den Festsubstanzen gemischt werden. 

V^d z. B. das Matrixharz durch L5sungs- oder Massepolymerisadon hergestellt,^o muB das Pfropfpolymeri- 
sat getrennt ausgefullt werden. Hierzu verwendet man bekanhte Verfahren, beispielsweise ZtiSatz von Salzen 
oder S§uren, wonach die Fallprodukte gewaschen, getrocknet und gegebenenfalls aus der Pulverfonn in eine 
Granulatform UberfQhrt werden. Als Mischvorrichtungen f0r Fallprodukte bzw. Granulate kommen beispiels- 
weise Mehrwalzenstahle, Mischextruder oder Innenkneter in Betracht 

Der Anteil der erfindungsgemafien elastisch-thermoplastischen Pfropfprodukte an der Gesamtmenge der 
erfindungsgemaBen Formmassen betragt 10 bis 65 Gcw.-%, wobei der Anteil der Pfropfpolymerisate geringer 
ist, da nicht alle Monomere Pfropfaste bilden. 

Bevorzugte Formmassen haben folgende Zusammensetzung: 
Pfropfpolymerisat:30bis 60 Gew.-Teile 
Matrixharze: 70 bis 40 Gew.-Teile, 

wobei mit Anteilen von 40 bis 60 Gew.-Teilen Pfropfprodukt die hochsten Zahigkeiten erreicht werden. 

Den Formmassen der Erfmdung konnen bei der Herstellung, Aufarbeitung. Weiterverarbeitung und Endfor- 
mung die erforderlichen bzw. zweckmaBigen Additive zugeseut werden, z. B. Antioxidantien, UV-Stabilisato- 
ren, Peroxidzerstorer, Antistatika, Gleitmittel, Flammschutzmittel, Fttll- oder Verstarkerstoffe (Glasfasem, Koh- 
lefasern, etc.) und Farbmittel. 

We Endverformung kann auf handelsublichen Verarbeitungsaggregaten vorgenommen werden und umfaBt 
z. B.SpritzguBverarbeitung, Piatteiiextrusion mit gegebenenfalls ansdilieBender Warmverformimg, Kaltverfor- 
mung, Extrusion von Rohren und Profilen oder Kalander-Verarbeitung. 

Weiterhin konnen die crfindungsgemaB hergestellten Pfropfpolymerisate als Modifikatoren zur Erhohung der 
Zahigkeit einzelner oder aus verschiedenen Materialien gemischter thermoplastischer Formmassen dienen. 
Beispiele f Ur modifizierbare Formmassen sind: 

a) Weitcre Homo- und Mischpolymerisate von Styrol und alkylsubstituiertem Styrol rait vinylgruppenhalti- 
gen Monomeren, z. B. Polystyrol, Poly(p-methyl)styrol. Poly{styrol-co-maleinsaureanhydrid), Poly(styrol- 

• co-acrylnitril-co-maleinsaure-N-phenylimid),Poly(styrol-co-nialeinsaurc-N-phenylimid), 

b) Homo- und Mischpolymerisate von Ci— CrAlkyl(meth)acrylaten, mit vinylgruppenhaltigen Monomeren, 
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2. B. Polymethyimethacrylai, Poly(mcthy)mcthacrylat*co-styrol), Poly(meihylnieihacrylat-co-maleinsaure- 
anhydrid),Poly(meihylmethacryiat-co-styroJ-co-mal^msaureanhydrid). 

c) halogenhallige Polymerisate. z, B. Polyvinylchlorid, Poly vinylidcnchlorid. chlorieries Polyethylen, 

d) Polycarbonate* z. B. auf Basis von Bisphenol A.Tctramethylbisphenol A,Tetrabrombisphenol A, 

e) Polyester, z. B. auf Basis Terephthalsaure. Isophthalsaure. Ethylenglykol. Butandiol. 5 

f) Polyamide.z. B. auf Basis e-Caproiactam, Launnlactam. Adipmsaure/Hexamethylendiamin. 

Dabei werden die erfindungsgemgB hergesteUten Pfropfkautschuke in Mengen von i bis 80, vorzugsweise 5 
bis 50 Gtw.'^, bezogen auf die gesamte Formmasse. eingesetzt. 

In den folgenden Beispielen sind Teile immer Gewichtsteile und % immer Gew.-%, wcnn nicht anders 10 
angegeben. 

Beispiele und Vergleichsbeispiele 

Beispiele 1 bis 12 15 

55 Gew,-Teile (gerechnet ais Feststoff) eines durch radikalische Polymerisation hergesteUten anionisch emul- 
gierten Polybutadienlatex mit einem dscrWert von ca. 454 nm warden mit Wasser auf eincn Feststoffgehalt von 
ca> 20 Gew.-^ gebracht* wonach auf 64* C erwfirmt und mit einem Gemisch aus 0^ Gew.-Teilcn Kaliumperoxo- 
disu)fat (gelost in Wasser) und 0^ Gew.-Teilen des in Tabelle 1 angegebenen aromatischen Aldehyd versetzt 20 
wurde. Danach wurden 45 Gew,-Teile eines Gemlsches aus 72 Gew.-% Styrdl und 28 Gew,-% Acrylnitril sowie 
separat 1 Gew.-Teil (gerechnet als Festsubsianz) des Natriumsalzes eines Harzsauregemisches (Dresinate 731, 
gel5st in alkalisch eingestelHem Wasser) tiber 4 Stunden zudosiert Nach einer 4st(indigen Nachreaktionszeit 
wurde der Pfropflatex nach Zugabe von ca. 1,0 Gew.-Tcilen eines phenolischen Antioxidans mit einem Magne- 
siumsulfat/Essigsaure-Gemisch koaguliert und nach dem Waschen mit Wasser das resuJtierende Pulver bej 70* C 2s 
im Vakuum geirocknet. 

40 Gew.-Teile dieses Pfropfpolymerlsats wurden mit 60 Gew.-Teilen eines StyroJ/Acrylnitril-Copolymerhar- 
zes (72 : 28, Mv = 115000, Ivlv/Klw -1 ^2), 2 Gew.-Teilen EthyJendiaminbissteary)amid und 0.1 Gew.-TeiJen 
eines Silikondls in einem Innenkneter vermischt und anschlieBend zu PrQfst^ben und zu einer ebenen Platte (zur 
Beurteilung der Oberflache) verspritzt 30 

Folgende Da ten wurden ermittelt; 

Kerbschlagzahigkeit bei Raumtemperatur (ak^'O und bei -40°C {zk'^^^"^) nach ISO 180/1 A (Einheit: kj/m^), 
fCugeldruckharte (He) nach DIN 53 456 (Einheit: N/mm^), Warmeformbestlndigkeit (Vicai B) nach DIN 53 460 
(Einheit; "Q, OberflSchenglanz nach DIN 67 530 bei einem Reflexionswinkel von 60° (Reflektometerwert); die 
Beurteilung der thermoplastischen FlieBfahigkeit erfolgte durch Messung des notwendigen Ffllldruckes bei 35 
240' C (Einheit: bar)(siehe F. Johannaber. Kunststoffe 74 (1984), 1, Seiten 2 bis 5). 

Die ebenfalls in Tabelle 1 angegebenen MeBwerte zeigen* daB bei Verwendung der erfindungsgemaB herge- 
steUten Pfropfpolymerisate zur Erzcugung der Formmassen Produkt rait verbesserter Zahigkeit und hCherer 
HSrte bei unverandertcn bzw. leichl verbesserten Werten fOr Warmeformbestfindigkeit, Oberfiachenglanz und 
thermoplastischer FlieBfahigkeit resultierea 40 
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Eingesetzter aromatischer Aldehyd 
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Beispiele 13 bis 17 

65 

Die bei den Beispielen 1 bis 12 beschriebene Pfropfpolymerisation wurde wiederholt, wobei Kaliumperoxodi- 
sulfet und als aromatischer Aldehyd Benzaldehyd in den in Tabelle 2 angegebenen Mengen eingesetzt warden. 
Nach beendeter Polymerisation wurde der Umsatz bestimmt; nach Aufarbeitung und Abmischung mit Styrol/ 



6 



DE 44 15 336 Al 

Acrylnitril-Copoiymerharz und Additiven (siehc oben) erfo'lgie Verarbeiiung zu PlSitchen (60x40x2 mm) bei 
280^ C und daran Beurteilung des Farbtons. 
Dabei wurde nach folgenden Abstufungen differenziert: 

— sehr duokel 
. dimkel \ 

o vergleichbar J jewcils im Verglrich mit Standard (o) 
+ heU 
++sehr hell 

Die Ergebnisse sind ebenfalls in Tabe)le 2 zusammengcstellt, Es ist ersichtlich, daB die erfindungsgemSB 
hergestellten Pfropfpo]ymerisate mit hoherer Ausbeute (hSherer Umsatz) erhalten werden und gleichzcitig zu 
Formmassen mit verbessertem Farbton fOhren. 

Tabelle 2 



Bdspiel 


Hngesetzte 
(Gew.-Tdle) 


Eingesetzte 
(Gew.-Teile) 


Ufflsatz 
I%] 


Farbton 


13. 


0.5 




99,6 


+ 


14. 


0^ 


0,2 


99,2 


-H- 


15. 

(Vergleicli= 
Standard) 


0,5 




98,6 


0 


16. 

(Vergjwdb) 


0,75 




99,7 




17. 


0,2 




96,8 


+ 



PatentansprQche 

1. Durch radikalische Emulsionspolymerisation von harzbildende'n Vinylraonomeren in Gegenwart von in 
Latexfonn vorliegendem Rautsdiuk.unter Verwendung einer Peroxodisulfatverbindung als Initiator und 
mindestens eines aromatischen Aldehydshergestellte elastiscb-thermoplastische PFropfpolymerisate. 

2. Elastisch-thermoplastischc Pfropfpolymerisate gemaB Anspruch I, aus Styrol, a-Methylstyrol, Acrylnitril, 
Methylmethacrylat,N-Phenylmaleimid sowie Mischungen daraus als harzbildende Monomere. 

3. Elasii$ch-thermop]asti5Che Pfropfpolymerisate gemafi Anspruch 1, enthaltend Polybutadien als Kau- 
tschuk. 

4. Ela^isch-thermoplastische Pfropfpolymensate gem§B Anspruch 1, worin der aromatische Aldehyd Ben* 
zaldehyd ist. 

5. Elastisch-thermoplastJsche Pfropfpolymerisate gemafl Anspruch 1, worin die Pemxodisulfatverbindung 
Kaliumpersulfat ist 

5. Thermoplastische Formmassen enthaltend elastisch-thermoplastische Pfropfpolymerisate gemSB An- 
spruch 1 und mindestens ein thermoplastisches Harz. 

7. Thermoplastische Formmassen, gemSB Anspruch 6^ worin das thermoplastische Harz ein Copolymerisat 
aus Styrol und Acrylnitril im Gewichtsverhaltnis 90 ; 10 bis 50 : 50 ist, wobei das Styrol ganz oder teilweise 
durch a-Methylstyrol oder M etbylmethacrylat ersetzt sein kana 



DE 44 .15 336 Al 

8. Thermoplastische Formmassen, gemaB Anspruch 6/worin als thermoplasiisches Harz ein aromatisches 
Polycarbonat und/odcr cin Polyester enthaltcn isL 

9. Verfahren zur Herstellung von elastisch-thermoplastischen Pfropfpolymerisaten durch radikalisch initi- 
ierte Polymerisation harzbildender Vinylroonomerer in Gegenwart eines Kautschuklatex, dadurch gekenn- 
zeichnet, daD als radikatischer Initiator eine Peroxodisuifatverbindung in Kombination mit einem aromati- 
schen Aldehyd verwendet wird 
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@ Themfioplastic resiii composition. 

(g) A thermoplastic resin compositton is prepared by blending- 50 - 95 wt % of a copolymer (A) of 10 - 75 
wt % of ft-methy) serene. 10 - 60 wt % of methyl methaoylate, 5 - 35 wL % of acrylonitrile and 0 - 20 wt. 
% of a monomer copolymerlzable therev/ith ; and 5 -50 vt^ % of a graft copolymer (B) comprising 50 - 85 
wt parts of a butadiene-based rubber pofymer and 15 -50 wL parts of a vinyl monomer graft-polymerized 
onto the mbber polymer. The butadiene-based rubber polymer Includes 50 - 98 wL % of butadiene, 2-50 
wt % of an aromatic polycydic vinyf monomer represented by a fonnula (I) below and 0 - 20 wt % of a 
monomer copolymerlzable therewith : 



R-C=CH2 



in 



a. 

UJ 



wherein R denotes an optionally substituted biphenyiyi or naphthyl group, and Ri denotes a hydrogen 
atom or a methyl group. The thennoplastic resin composition is provided with a good balance among 
heat-resistance, impact resistance, transparency and processabDity because the graft copolymer (B) 
using an aromatic polycyclic vinyl monomer shows a good Impact resistance-modifying effect while 
retaining a reiativeiy high refractive index and the copolymer (A) shows a good heat resistance and a 
relatively low. refractive index. 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 514 071 A1 



RELP OF THE INVENTION AND RELATED ART 

The present invention relates to a novel thermoplastic resin composlfclon with excellent transparency, heat 
resistance and impact resistance. More partfculariy, the present invention relates to a thenrnoplastic resin com- 
position which includes a graft copolymer comprising as a trunk component a rubber copolymer of butadiene 
with an aromatic polycyclic vinyl monomer of biphenyi derivative or a naphthalene derivative having a high re- 
fractive index and a low glass transition temperature, and an a-methyl styrene/methyl methacrylate/acrylonitrile 
copolymer, and Is provided with heat resistance, transparency and Impact resistance In combination. 

A rubber-containing acrylonitnle/styrene copolymer composition (hereinafter sometimes abbreviated as 
"ABS resin") has been widely utilized because of good processability and excellent Impact resistance but is 
also accompanied with defects, such as a low heat resistance (heat distortion temperature) and poor transpar- 
ency. Various proposals have been made in order to obviate the defects. 

In order to improve the heat resistance, for example, there have been proposed (1) to substitute a-methyl- 
styrene (hereinafter abbreviated as VMS") for styrene (St) of Stand acrylonitrile (AN) as grafting components 
onto the rubber (U.S. Patent No. 1,908,661); (2) to blend an ABS resin with an aMS/AN copolymer (Japanese 
Patent Publication (JP-B) 35-1 8194); (3) to exercise a two-stage grafting process wherein St and AN and graft- 
ed on a rubber and then aMS and AN are further grafted thereon (JP-B 42-13616); (4) to blend an ABS resin 
with an aMS/methyl methacrylate (MMA)/AN copolymer (JP-B 45-18016. 45-33304 and 44-15902); and (5) to 
blend an aMS/MMA/AN copolymer with a graft copolymer obtained by graft-polymerizing MMA, St and AN onto 
a rubber (JP-B 46-37415). In case where oMS and/or MMA is used to substitute for at least a part of conven- 
tional rosin components of St and MMA. an Improved heat resistance has been attained but It has not been 
possible to obtain a composition having a good transparency. 

Various proposals have also been made so as to provide the ABS resin with an improved transparency. 
A basic thought for the purpose is to cause the rubber component and the resin component of an ABS resin 
to have refractive indices which are close to each other. 

The resin phase genelally has a higher refractive index Accordingly, various proposals have been made 
to Incorporate MMA in the resin phase to provide a lower refractive Index having approached to a low refractive 
index of the rubber phase (JP-B 33-9797. 35-5996 and 35-13235). This resort alone may proykle an Improved 
transparency but it is difficult to realize an improved heat resistance. 

On the other hand, based on a concept of using a mbber phase having an Increased refractive index closer 
to that of the resin phase, it has been also proposed to use as the rubber a buladiene/styrene copolymer with 
an Increased styrene content (JP-B 40-1931). This method is however accompanied with a difficulty that the 
rubber phase is caused to have a higher glass transition temperature so that It Is difficult to obtain an ABS res In 
with excellent impact resistance. 

It has been also proposed to combine the above two methods, i.e., to lower the refractive index of the resin 
phase and also increase the refractive index of the rubber phase. In this case, it Is possible to provide a com- 
position having good transparency and irnpact resistance but It is still insufficient to provide the compoation 
with a satisfactory heat resistance. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a thermoplastic resin composition which has a heat- 
resistance comparable to that of the conventional heat-resistant type ABS resin and also is excellent in trans- 
parency, impact resistance and processability. 

According to our study, it has been found very effective to use an aMS/MMA/AN copolymer (A) as a resin 
component and combine It with a rubber component of a graft copolymer (B) obtained by graft-polymerizing a 
vinyl monomer onto a robber copolymer of butadiene with an aromatic poiycydic vinyl monomer comprising a 
biphenyi derivative and/or a naphthalene derivative used instead of St, which rubber copolymer has a high re- 
fractive index and also a low glass transition temperature. In this instance, by appropriate selection of the vinyl 
monomer as the grafting component, it is possible to easily have the refractive index of the graft copoiymer (B) 
approach to that of the copolymer (A), thus providing the resultant composition with an excellent balance among 
the heat resistance, transparency, impact resistance and also processability. 

More specifically, according to the present Inventfon, there is provided a thermoplastic resin composition 
comprising: ' 

50 - 95 wL % of a copolymer(A) of 10- 75 wL %ofa-m thylstyrene, 10-60 wL % of methyl methacrylate 
5 - 35 wL % of acrylonitrile and 0 - 20 wt % of a monomer copolymerizable therewith, and 

5 - 50 wt % of a graft copolymer (B) comprising 50 - 85 wL parts of a butadiene-based robber polymer 
and 1 5 - 50 wt parts of a vinyl monomer graft-pdymerized onto the rubb r polymer, the total of the robber poly- 
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mer and the vinyl monomer being 100 wt. parts; said butadiene-based rubber polymer comprising 50 - 98 wt 
% of butadiene, 2 - 50 wt. % of an aromatic pdycyclic vinyl monom r rBpresented by a formula (I) below and 
0 - 20 wt % of a monomer oopolymertzable therewith: 



Formula (I) 



j?-C=CH2, 

wheiBfn R denotes an optionally substHuted biphenylyf 
or naphthyl group. i.B., 




and R{ denotes a hydrogen atom or a methyl group. 
20 The above mentioned and other objects and features of the invention will be better understood upon con- 
sideration of the following detailed description concluding with specific examples. 

DETAIi-ED DESCRIPTION OF THE INVENTION 

25 [Copolymer (A)] 

First of all, explanation is made to the aMS/Mi^A/AN copolymer (A) which is a principal component of ihe 
thermoplastic resin composition according to the present invention. The copolymer (A) provides the thermo- 
plastic resin composition according to the present invention with heat resistance, rigidity, tensile strength, eta 
30 These properties, however, can Vary depending on the composition of the constituting monomers. 

oMS is an important component contributing to heat resistancoi and a larger content thereof is prefeaed 
in view of the heat resistance. Too large a content, however, results In a lower yield at the time of the copoly- 
merization and too high a refractive index of the resultant copolymer. Accordingly, aMS may be contained In 
a proportion of 1 0 - 75 wt %, preferably 20 - 70 wt %, of the total monomers providing the copolymer (A). More 
3S specifically, less than 1 0 wt % Is insufficient in imparting the heat resistance, and more than 75 wt % can result 
In a lower yield or too high a refractive Index of the copolymer (A). 

UMA may be used in a proportion of 10 - 60 wt % so as to lower the refractive jndex of the resultant oo- 
. polymer (A). The refractive index no of tiie copolymer (A) at 25 ^C may preferably be in the range of 1.52 - 1.56 
so as to be adjusted to that of the graft copolymer (B). 
40 AN Is efTective in Increasing tile pdymerizabiiity of tiie mixture monomers, {>art]cular)y in emulsion poly- 
merization, and in Increasing the Impact resistance and the resistance to thermal decomposition. An excessive 
amount, however, results in a lower heat resistance. Accordingly, AN may be used in a proportion of 5 - 35 wt 
%, preferably 10 -30 wt. %. 

The monomer copolymerizable with the above-mentioned monomers as the essential components, i.a, 
45 aMS, MMA and AN, may for example include St methacryionitrile, methacryllc add, acrylic acid, and maiei- 
mides, such as N-methy(mafeimide, N-phenylmaleimide and N-cyc(ohexyimafeimide, and may be used as de- 
sired in a small amount In the range of 0 -20 wt. % in order to Improve the polymerization velocity or impart 
other properties. 

Basically, any polymerization process may be used for obtaining tiie copolynrmr (A) from the above- 
50 mentioned monomers, but emulsion polymerization process may most preferably ba used so as to improve the 
velocity and yield of the polymerization while using as large a content as possible of oMS contributing to the 
heat resistance. The emulsion polymerization may be perfomied in a Known manner by using a peroxide, an 
emulsifier, a polymerization promoter, etc., as desired. It is possible to add all the monomer mixture at a time 
to the polymerization system, for polymerization, to divide the monomer mixture into portions and separately 
55 add the portions to the polymerization system for polymerization, or to continue ttie polymerization whUe con- 
tinuously adding a monomer or a monomer mixture into the polymerization system. It is also possible to use a 
polymerization degree controller, such as a mercaptan, In order to control the molecular weight of the resultant 
copolymer. 
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(Graft copolymer (B)] 

The graft copolymer (B) as another essential component of the thenrnopJastrc resin composition according 
to the present invention functions as an impact resistance modifier having a lov/ grass transition temperature 
6 and an increased refractive index. 

Rubber polymer 

The rubber polymer constituting the trunk polymer of the graft copolymer (B) may be a butadiene-based 
10 rubber polymer obtained preferably by a known manner of emulsion polymerization of a monomer mixture com- 
prising 50 - 98 wt. %. preferably 60 - 96 wL %, more preferably 75 - 95 wt. %, of butadiene, and 2 -50 wt %. 
preferably 5 - 40 wt %, mofB preferably 5 -25 wt %, of an aromatic polycydic vinyl monomer represented by 
the formula (I) below: 



R-C=:CH2 (I), 

20 wherein R denotes an optionally substituted biphenylyl or naphthyl group, and Ri denotes a hydrogen atom or 
a methyl group. Examples of the siibstituent optionally possessed by the biphenylyl or naphthyl group may in- 
clude: alkyi groups having 1-3 carbon atoms, and halogen atoms, such as fluorine and chlorine. 

Preferred examples of the aromatic polycydic vinyl moriomer represented by the fonmula (I) and copoly- 
merized with butadiene may indude: 

25 vinylblphenyl compounds, such as 4-isopropenylbiphenyl, 3-lsopropenyibiphenyl and 4-vinylbiphenyi, and their 
alkyl-substituted derivatives; and vinylnaphthalene compounds, such as 2-lsopropenylnaphthalene and 2-vl- 
nylnaphthalene, and their alkyl-substituted derivatives. . 

Among the aboveHDentioned aromatic polyq^dic vinyl mpnomers, 3-isopropenyibiphenyl is lk)uid at room 
temperahjre and is most preferred in view of the easiness of handling. 

30 If the content of the aromatic polycydic vinyl monomer is below 2 wt. %, It is impossible to effectively in- 
crease the refractive index of the resulting rubber polymer. On the other hand, a proportion exceeding 50 wt. 
% of the arornatic polycydic vinyl monomer is not prefenred because the resulting rubber polymer is caused to 
have an elevated glass transition temperature, thus losing rubbery properties. The rubber polymer may prefer- 
ably have a glass transition temperature of -20 ^'C or below, partlcularty In the range of -30 to -70 <'C. 

35 The njbber polymer thus obtained may preferably have a refractive index np at 25 "^C in the range of 1 .52 
- 1 .56. A refractive index below 1 .52 is not substantially different from that of polybutadiene and it is difficult to 
obtain a composition having satisfactory heat resistance and transparency by blending the resultant graft co- 
* polymer (B) with the copolymer (A) while the composition may have a good impact resistance. A refractive index 
exceeding 1.56 leads to too high a glass trans^'on temperature and.thus a low impact resfetance-modifying 

40 effect When the butadiene-aromatic polycydic vinyl monomer copolymer rubber used In the present invention 
is compared with a conventional butadiene-styrene copolymer rubber, the former is characterized as a rubber 
having a higher refractive index due to the addition of the aromatic pdycydic vinyl monomer or a rubber having 
a lower glass transition temperature at an identical refractive iildex level. Accordingly, a graft copdymer ob- 
tained from the former rubber has a larger impact reslstance-nnodifying effect than a graft copolymer obtained 

45 from the latter rubber when compared at the same refractive index level. 

Another vinyl monomer copolymerizable with the aromaHc polycydic vinyl nrwnomer and butadiene can be 
used together with the aromatic polycydic vinyl monomer within an extent not deviating from the object of the 
present invention. Examples of such another vinyl monomer may include: aromatic vinyl compounds, such as 
styrene and a-methylstyrene; vinyl cyanides, such as acrylonitriie and methacrylonitrile; acrylic add, metha- 

60 cryllc add; alkyl acrylates, such as methyl acrylate. ethyl acrylate, butyl acrylate. and ethylhexyl acrylate; and 
alkyI methacrylates. such as methyl methacrylate, ethyl methacrylate and butyl methacrylate. Such another vi- 
nyl monomer may be used in an amount of 0 - 20 wt. % of the total amount of the monomers (I.e., butadiene 
+ the aromatic polycydic vinyl monomer + such another vinyl monomer) so as to replace a portion of the aro- 
matic pdycydic vinyl monomer while retaining the above-mentioned lower limit of the aromatic polycydic vinyl 

55 monomer. 

It is also possible to use a polyfunctional monomer copolymerizable with the aromatic polycydic vinyl mono- 
mer and butadiene, as desired, to provide a crossllnked aibber polymer. The polyfunctional monomer may be 
used in an amount of at most 10 wt %, preferably 0.1 - 5 v»rt. %, of the total monomer amount exduding the 
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polyfunctional monomer. An amount exceeding 10 wt. % is not prefen-ed because the resulting rubber polymer 
is caused to have an levated glass transition temp rature and a poor elastom ric property, thus lowering the 
impact resistance-imparting p rformance of the graft copolymer (B). 

Examples of the polyfunctiona] monomer may include: aromatic polyfunctional vinyl compounds, such as 

5 divinylbenzene and divrnyltDluene; di- and tri-methacrylates and dl- and tri-acryiates of polyhydric alcohols, 
such as ethylen glycol dimethacrylat , triethylen glycol dimethacrylate, and 1,3-butanediol diacrylate; and 
allyl compounds, such as diallyl maleate, diallyl phthalate and allyl methacrylate. The above are not exhaustive 
and it is generally possible to use a compound having two or more double bonds in its molecule and copdy- 
merizable with the aromatic polycyclic vinyl monomer and also butadiene. It is also possible to use a chain trans- 

10 fer agent in an amount up to 5 wt. % of the total monomer amount so as to adjust the gel content of the resulting 
mbber polymer. The chain transfer agent may for example be a known one ordinarily used in emulsion poly- 
merization, such as octyl mercaptan. dodecyl mercaptan or lauiyl mercaptan. 

The graft copolymer (B) may be produced through an ordinary polymerization process, particulariy prefer- 
ably by emulsion polymerizat'ion. Correspondingly, it is preferred to prepare the above-mentioned rubber poly- 

15 rner through emulsion polymerization, partlculariy In the fonm of a latex having a relatively large particle size 
of 150 - 800 nm in order to provide the composition with excellent impact resistance. Such a latex having a 
large particle size may be obtained by a known method, such as selection of the kind and amount of an emul- 
sifier and a polymerization initiator, and a polymerization temperature, adjustment by controlling the manner 
of addition of the monomer, and/or micro-coagulation of a rubber latex of a smaller particle size. The micro- 

20 coagulation may be effected in a known manner inclusive of addition of a coagulant, examples of which may 
include: acids including inorganic acids, such as hydrochlork: acid, and organic acids, such as tartaric add, 
nnaleic acid and acetb acid; water-sduble polymers, such as polyethylene oxide and polyvinyl alcohol; metal 
salts, such as sodium chloride and magnesium chloride; and a combination of a peroxide with fonmaldehyde 
sulfoxylate. 

25 

Grafting component 

The vinyl monomer graft-polymerfczed onto the mbber polymer in the present invention may suitably be one 
providing polymerized units which have a good compatibBity with the copdymer (A) to which the resultant graft 

30 copolymer (6) is added so as to easily and uniformly disperse the rubber polymer within the copolymer (A) and 
provide a sufficient bonding between the copdymer (A) phase and the mbber polymer phase. 

The grafting monomer component may for example be selected fi*6m the following group of monomers in- 
cluding: aromatic vinyl compounds, such as styrene and a^methylstyrene, vinyl cyankJes, such as acrylonitrile 
and methacrylonitrile; acrylic acid, methacrylic acid; alkyl acrylates, such as methyl acrylate, ethyl acryiate and 

35 butyl acrylate; alkyl methaciylates, such as methyl methacrylate, ethyl methacrylate and butyl methacrylate; 
malelmide monomers, such as maleimlde and N-phenyl-maleimide; maleic ackl, maleic anhydride and their 
derivatives; and aromatic polycyclic vinyl monomers represented by the above-mentioned fonmuia (I). At least 
one species of the monomers may be used singly or in mixture. Among the above monomers, styrene is most 
preferred as an aromatic vinyl compound, acrylonitrile Is most preferred as a vinyl cyanide, methyl methacrylate 

40 is most prefen-ed as an alky) methacrylate, and butyl acrylate Is most prefen-ed as an alkyl acryiate. The aromatte 
polycydic vinyl monomers are also effective as a grafting component to provide a graft copolymer having a 
high refractive index owing to the grafting component. Particulariy, 3-lsopropenylbiphenyl may be preferably 
used. Another copoiymerizable monomer may Indude a polyfunctional monomer identical to those used In the 
mbber polymer. It is also possible to. use a small amount of chain transfer agent similar to tiiose described 

45 above. 

Graft copolymerization 

The graft copolymer (B) according to the present Invention may be produced by graft-polymerizing 1 5 - 50 
50 Wt. parts of a vinyl monomer (or mbcture) in the presence of 50 - 85 wL parts (giving a total of 100 weights parts 
together with the vinyl monomer (mUturc)) of a rubber polynner comprising 50 - 98 wt. % of butadiene and 2 - 
50 wL % of an aromatic polycyclic vinyl monomer. The above proportional ranges are preferred in view of a 
large impact resistance-modifying effect, and easiness of post treatments, such as salt (or acid) predpitatkm 
and drying. In the graft polymerization, the above monomer (or monomer mixture) may be polymerized in one 
55 stage, divisionally polymerized in several stages, or added and polymerized continuously. 
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[FormulationJ 

The thermoplastic resin composition according to the present inv ntion is obtained by mixing 50 - 95 wt. 

% of the copolymer (A) and 5 - 50 wt. % of the graft copolymer (B). The mixing of the copolymers (A) and (B) 
$ may be performed in a known manner, e.g., by blending the respective polymers in a powder or pellet form by 

means of rollers, a screw kneader or a bambury mixer. It is also possible to mU the polymers respectively in 

a latex fonm. followed by salt (or acid) precipitation. It is also possible to add modifiers, such as antioxidants, 

stabilizers, fillers, pigments and plasticlzers. 

Further, it is also possible to add another themK)pldstic resin, such as polyvinyl chloride, chlorinated poiy- 
10 vinyl chlorkJe, pdys^ne, polymethyi methacrylate, styrene-acrylonltrile copolymer, a-methylstynsne-acrylo- 

nitrile copolymer, styrene-acryionitrile-methyl methacrylate copolymer, styrene-metyl methacrylate copolymer, 

polyester, or polycarbonate, within an extent not adversely affecting the properties of the composition according 

to the present Inventbn. 

75 [Utility] 

The thermoplastic resin composition according to the present invention has excellent heat resistance, 
transparency, impact resistance, mechanical properties and processability and is useful as, e.g., materials for 
Injection molding and extrusion, for various purposes, 
20 . 
[Examples] 

Herelnbelow, the present invention will be described more specifically based on Examples and Compara- 
tive Examples, wherein "%* and "part{s)" used in describing formulations mean "% by weight" and "part(s) by 

25 . weight", respectively. In respective synthesis examples, the charged amounts of the components are ex- 
pressed in net quantities excluding impurities and diluents unless otherwise noted specificaJly. In the respective 
synthesis examples, generally good agreement was observed between a charged monomer composition and 
me resultant copolymer composition. Physical properties described In Examples described balow were meas- 
ured by the following methods. 

30 , 

Glass transition temperature (Tg) 
I) Copolymer (A): 

35 A sample sheet fomr»ed by hot pressing at 210 °C was placed in a DSC (differential scanning calorimeter, ' 
"DSC25' (trade name) available from Mettier Instrumente A.G.) and subjected to heating in a nitrogen atmos- 
phere at a temperature-raising rate of 10 "C^min. to obtain a temperature-process heat curve. On the curve, 
the base line on the lower temperature side and a tangent line between inflection points met each other to form 
an intersection point, the temperature of which was measured as the glass transition temperature of the samplei. 

40 

i\] Graft copolymer (B): 

An about 200 ^im-thick sample sheet obtained by hot-pressing at about 200 ^'C was subjected to a viscoe- 
lasticity measurement using a tester ("Rheovibron DDV-II-EA", mfd. by Orlentec K.K.) at a frequency of 110 
4S Hz and a temperature-raising rate of 2 °cymin. to measure a temperature giving a maximum appearing on a 
loss modulus-temperature curve, which temperature was recorded as a glass transition temperatures. In case 
where plural glass transition temperatures are observed, the lowest one corresponds to the glass transition teno- 
perature of the rubber polymer in the graft copolymer (B). 

50 Refifactlve Index (np^ 

Pressed sheet samples of a copolymer (A) and a graft copolymer (B) prepared as described above were 
subjected to measurement by using an Abbe's refractometer.at 25 ''C. 

55 Average particle size 

The averag partld size of a polymer in a latex form was measured by using a submlcron particle size 
analyzer fCoulter Counter N4". mfd. by Coulter Electronics Co.). 
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Heat distortion temperature 

A mixture of a copolymer (A) and a graft copolymer (B) was kneaded for 3 min. on kneading rollers at a 
surface temperature of about 200 ^'C and pressed In a hot pr ss having a hot plats temperature of 220 °C to 
5 form a bar-shaped specimen (6.4 x 12.7 x 130 mm), which was then subjected to measurement under a load 
of 1 8.5 Kg/cm2 according to ASTM D-548. 

Izod impact strength 

10 A bar-shaped product prepared in the same manner as the specimen for the measurement of heat distortion 
temperature was fonmed into a test piece (with a V-notch of R 0.25 and a depth of 2.5 mm) according to AST1\^ 
0-256, whksh was then used for measuiement at 23 

Totai light transmittance 

IS 

A 3 mm-thick plate-shaped product prepared through kneading and hot pressing in the same manner as 
the preparation of the specimen for the heat distortion temperature measurement, and a test piece of 50x50 
mm was cut out from the product and subjected to measurement by means of a haze meter (TCH 3DP", mfd. 
by Tokyo Denshoku K.K.) according to JIS K7105. 

20 

[Synthesis Example 1 : Copolymer A-1] 

Into a polymerization vessel, 250 parts of delonized water and 1 .5 parts of sodium dodecylbenzenesulfbn- 
ate were charged, and the mixture was aerated with nitrogen under sufficient stirring and heated under a ni- 
25 trogen stream to 60 *>C. After the temperature being raised to 60 °C. 0.0025 part of ferrous sulfate, 0.01 part 
of disodlum ethyl enediamine-tetraacetate (hereinafter abbreviated as "EDTA"), and 0.05 part of sodium for- 
maldehyde sulfoxylate (abbreviated as "SFS'*) were added. To the mixture, a mixture of 35 parts of a-methyl- 
styrene (al^S). 45 parts of methyl methacrylate (MMA), 20 parts of acrylonitrlie (AN). 0.3 part of cumene hy- 
droperoxkie (CHP) and 0.2 part of t-dodecylmercaptan (TDi^), and 20 parts of a 0.0075 % SFS aqueous sol- 
do utk>n, were continuously added through separate lines but simultaneously over 8 hours. After the additk>n, the 
system was further stirred for 2 hours at 60 *C. 

The resultant emulsion was subjected to salting-out with aluminum sulfate and neutralized with sodium pyr- 
ophosphate (TEPY), followed by washing with water, filtration, removal of the yet-unreacted monomers by ex- 
traction with methanol and drying to obtain a copolymer A-1 . 

35 ■ 

[Synthesis Example 2: Copolymer A-2] 

A copolymer A-2 was prepared in the same manner as in Synthesis Example 1 except that the amounts 
of aMS, MMA and AN were changed to 44 parts, 46 parts and 10 parts, respectively. 

40 

[Synthesis Example 3: Copolymer A-3] 

In a polymerization vessel, 250 parts of deionlzed water, t.5 parts of sodium dodecylbenzene-sulfonate 
and 44 parts of oMS were charged, and the mbcture was aerated with nitrogen under sufficient stinring and heat- 
hs ed to 60 ''C under a nitrogen stream. 

After the temperature being raised to 60 *'C. 0.0025 part of fenrous sulfate, 0.01 part of EDTA, 0.05 part of 
SFS, 0.3 part of CHP and 0,2 part of TDM were added. To the system, a mixture of 43 parts of MMA and 13 
parts of AN. and 20 parts of a 0.0075 % SFS aqueous solution, were continuously added through separate 
lines but simultaneously over 6 hours. After the addition, the system was further stinred for 1 hour at 60 '^C. 
so The resultant emulsion was further post-treated in the same manner as in Synthesis Example 1 to obtain 
a copolymer A-3. 

[Synthesis Exanfiple 4: Copolymer A-4] 

55 In a polymerization vessel, 250 parts of deloniz d water, 1.5 parts of sodium dodecylbenzene-sulfonate, 
50 parts of aMS, 30 parts of MMA and 20 parts of AN were charged, and the resultant mixture was aerat d 
with nitrogen und r sufficient stirring and heated to 60 "C. After the temperatur being raised to 60 °C, a mbcture 
of 0.00042 part of fenrous sulfate, 0.002 part of EDTA. 0.008 part of SFS, 0.05 part of CHP and 0.03 part of 
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TDM divided into three portions was added to th system at an Interval of 2 hours between portions. After the 
addition, the system was further stirred for 2 hours at 60 ""C. 

The resultant emulsion was post-treated In the same manner as in Synthesis Example 1 to obtain a copo- 
lymer A-4. 

6 

[Synthesis Example 5: Copolymer A-SQ 

In a polymerization vessel, 250 parts of delonized water, 1 .5 parts of sodium dodecylbenzenesulfonate and 
25 parts of aMS were charged, and the mixture was aerated with nitrogen under sufficient stinring and heated 
10 to 60 ""C under a nitrogen stream. 

After the temperature being raised to 60 'C. 0.0025 part of ferrous sulfate, 0,01 part of EDTA, 0.05 part of 
SFS. 0.3 part of CHP and 0.2 part of TDM were added. To the system, a mixture of 31 parts of ABS, 33 parts 
of MMA and 1 1 parts of AN, and 20 parts of a 0.0075 % SFS aqueous solution, were continuously added through 
separate lines but simultaneously over 6 hours. After the addition, the system was further stirred for 1 hour at 
IS 60 «C. 

The resultant emulsion was further post-treated in the same manner as in Synthesis Example 1 to obtain 
a copolymer A-5. 

[Synthesis Example 6: Copolymer A-6] 

20 

In a polymerization vessel, 250 parts of delonized water, 1.5 parts of sodium dodecyibenzene-sulfonate 
and 70 parts of €tMS were charged, and the mixture was aerated with nitrogen under sufficient stirring and heat- 
ed to 60 ''C under a nitrogen stream. 

After the temperature being raised to 60 ^'C, 0.0025 part of fenrous sulfate, 0.01 part of EDTA, 0.05 part of 
25 SFS, 0.3 part of CH P and 0.2 part of TDM were added . To the system, 30 parts of AN and 20 parts of a 0.0075 
% SFS aqueous solution were continuously added through separate lines but simultaneously over 6 hours. After 
the addition, the system was further sfiired for 1 hour at 60 ^C. 

The resultant emulsion was further post-treated in the same manner as in Synthesis Example 1 to obtain 
a copolymer A-6 (for comparison). 

3Q 

[Synthesis Example 7: Copolymer A-7] 

A copolymer A-7 (for comparison) was prepared in the same manner as in Synthesis Exanipie 6 except 
that the announts of aMS and AN were changed to 75 parts and 25 parts, respecSvely. 
35 The composition, polymerization yield, glass transition temperature and refi-active index of each of the 
above-obtained copolymers A-1 to A-7 are inclusively shown in Table 1 appearing hereinafter. 

[Synthesis Example 8: Graft copolymer B-1] 

40 A stainless steel-made autoclave equippedwith a stirrer was charged with the following composition of ma- 
terials, followed by aeration with nitrogen, gas-evacuatbn and heating to 80 °C. 
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10 



15 



3-Isopropenylbiphenyl 8.4 part(s) 
(purity: 99,5 %. hereinafter abbreviated 
as "3-IPB") 

TDM 0.2 " 

Diisopropylbenzene hydroperoxide 0.15 " 

(purity 50 %. abbreviated as "HPO") 

TEPy 0.125 

EDTA 0,00375 " 

Ferrous sulfate 0.00225 " 



20 



25 



30 



35 



40 



45 



50 



55 



Potassium oleate 

(abbreviated as "OLK") 
Deionized water 



0.0775 " 



200 



After the temperature within the autoclave reached 80 56.6 parts of 1 ,3- butadiene (abbreviated as "BD") 
was added, and then 0.03 part of SFS was added to start emulsion poiymerization. After 2 hours from the start 
of poiymerization, 0.33 part of OLK was added. From after further 15 min. (after 2 hours and 15 min. from the 
start of polymerization}, 0.09 part of HPO and 0.09 part of SFS were fntenmlttentiy added. The polymerization 
conversion after 5 hours from the start of polymerization was almost 1 00 %. The resultant rubber polymer latex 
showed an average particle size of 79 nm. ' 

The latex was cooled to 60 '*C^ and 5 parts of 8.8 %-SFS aqueous solution and 0.65 part of 35 %-hydrogen 
peroxide aqueous sdutbn were added, followed by 5 min. of stliring. After further 2.5 hours, 9 parts of 3 %- 
sodium hydroxide, 0.5 part of OLK and 1 00 parts of deionized water were added to enlarge the rut)ber partides 
by coagulation, thus providing an average particle size of 190 nm. 

To the latex thus-obtained were added the foliowing monomers and polymerization aids, followed by 4 
hours of graft polymerization at 60 'C. 
MMA 12J25part(s} 
St 5.25" 
TDM 0.0875 " 

HPO 0.15 " 

SFS 0.15 " 

Deionized water 1 " . 

Further, the following monomers and polymerization aids were added and subjected to 4 hours of graft poly- 
merization at 60 'C. 
MMA 12.25 part(s) 

St 5.25 " 

TDM 0.0875 " 

HPO 0.15 " 

SFS 0.15" 
Deionized water 1 " 

After adding an antioxidant emulsion, the latex was subjected to acid precipitation with hydrochloric acid 
aqueous solution, dewatering, washing with water and drying to obtain a graft copolymer B-1 in powder fomi. 

[Synthesis ExampI 9: Graft copolymer B-2] 



A stainless st el-made autodave equipped with a stinrer was charged with the following composition of ma- 
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teiiais, followed by nitrogen aeration, gas-evacuation and heating to BO "C. 
3-iPB 10.3part(s} 
TDM 0.25 " 

HPO 0.15 " 

5 TEPY 0.125" 
EDTA . 0.00375" 
Ferrous sulfate 0.4 " • 
OLK 0.0775" 
Delonized water 200 " 

10 After the temperature within the autoclave reached 80 ^'C. 69 J parts of BD was added, and then 0.03 part 

of SFS was added tg start emulsion polymerization. After 15 hours from the start of polymerization, 0.37 part 

of OLK was added. From after further 5 hours (after 20 hours from the start of polymerization). 0.25 part of HPO 

and 0.25 part of SFS were intenmittentty added. The polymerization conversion after 35 hours from the start of 

polymerization was almost 100 %. 
IS The latex was cooled to 60 and the following monomers and polymerization aids were added thereto, 

followed by 3 hours of graft polymerization at 60 ""C. 

MMA 7.0part(s) 

St 3.0" 

TDM 0.05" • 

20 HPO 0.15" 

SFS 0.15 " 

Deionized water 1 " 

Further, the following monomers and polymerization aids were added and subjected to 4 hours of graft poly- 
merization at 60 'C. 

25 MMA 7.0part{s] 
St 3.0" 
TDM 0.05" 
HPO 0.15" 
SFS 0.15part(s) 

30' Deionized water .1" 

The thus-obtained latex was post-treated In the same manner as In Synthesis Example B to obtain a graft 
copolymer B-2, 
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[Synthesis Example 10: Graft copolymer B-3] 

A stainless steel-made autodave equipped with a stirrer was charged with the following composition of ma- 
terials, followed by nitrogen aeration, gas-evacuation and heating to 80 ""C. 

4-Isopropenylbiphenyl 15.0 part(s) 

(purity: 99.5 %, abbreviated as "4-IPB") 

Divinylbenzene 0.15 " 

(purity. 57,2 %, abbreviated as "DVB") 

HPO 0.15 " 

TEPY 0,125 " 

EDTA 0,00375 " 

Ferrous sulfate 0.00225 " 

OLK Q 45 

Deionized water 200 " 
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After the temperature within the autoclave reached 80 ^"0. 60.0 parts of BD was added, and th n 0.03 part 
of SFS was added to start emulsion polymerization. After 4 hours from the start of polymerization, 0.39 part of 
OLK was added. From after further 1 hour (after 5 hours from the start of polymerization), 0.375 part of HPO 
and 0.375 part f SFS were intermittently added. The polymerization conversion after 11 hours from.the start 
s of polymerization was almost 100%. 

The latex was cooled to 60 '^C and the following monomers and polymerization aids were added and sub- 
jected to 3 hours of graft polymerization at 60 ""C. 



10 MMA 10.5 part(s) 

Butyl aery late 2.0 " 

(abbreviated as "BA") 
HPO 0,15 " 

SFS 0.15 » 

20 Deibhized water 5.7 " 

Further, the following monomers and polymerization aids were added and subjected to 4 hours of graft poly- 
merization at 60 *^C. 
St 12.5part(s) 
25 HPO . 0.2 " 

SFS 0.2 " 

Delonized water 7.6" 

The resultant latex was post-treated In the same manner as In Synthesis Example 8 to obtain a graft co- 
polymer B-3. 

30 

[Synthesis Example 1 1 : Graft oopoiymer B-4] 

A graft copolymer B-4 (for comparison) was prepared in the same manner as in Synthesis Example 8 except 
that the amount of-BD was changed to 55.0 parts and 10.0 parts of St was used instead of the 3-IPB. 

[Synthesis Example 12: Graft Gopolynrter B-5] 

. A graft copolymer B-5 (for comparison) was prepared in the same manner as in Synthesis Example 1 0 ex- 
cept that the amount of BD was changed to 45.0 parts and 30.0 parts.of St was used instead of the 4-IPB. 

40 

(Synthesis Example 13: Graft copolymer B-6J 

A graft copolymer B-6 was prepared in the same manner as in Synthesis Example 8 except that the 
amounts of BD and 3-IPB were changed to 60.6 parts and 4.4 parts, respectively, and the amounts of MMA 
45 and St were changed to 10.5 parts and 5.0 parts, respectively, and 2.0 parts of 3-IPB was used in each of the 
first and second grafting components. 

The composition, glass transitbn temperature, refractive Index and average particle size of each of the 
above-obtained graft copolymers B-1 to B-6 are Inclusively shown in Table 2 appearing hereinafter. 

50 [Synthesis Example 14: Copolymer A-8) 

In a polymerization vessel, 250 parts of deionized water and 1.5 parts of sodium dodecylbenzenesulfonate 
were charged, and the mbcture was aerated with nitrogen under sufficient stirring and heated to 60 ""C under a 
nitrogen stream. 

55 After the temperature b ing raised to 60 "*C. 1.9 parts of aMS. 3.1 parts of MMA, 0.0025 part of ferrous 
sulfate, 0.01 part of EDTA, 0.05 part of SFS and 0.3 part of CHP were added. After the addition, stining was 
continued for 2 hours at 60 "C. To the system, a mbcture of 41 .1 parts of oMS, 38.9 parts of MMA, 15 parts of 
AN and 0.3 part of TDM, and 33 parts of a 0.41 % SFS aqueous solution, were continuously added through 
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separate fines but simultaneously over 6 hours. After the addition, the systenn was further stirred for 2 hours 
at'eO'C. 

The resultant emulsion was subjected to salting-out with calcium chlorid and filtrated while being washed 
with water, followed by removal of the yet-unr acted monomers by extraction with methanol and drying to obtain 
s a copolymer A-8, of which the composition, polymerization yield and properties are also shown in Table 1 . 



[Synthesis Example 1 5: Graft copolymer B-7] 

A stainless steel-made autoclave equipped with a stin-er was charged with the following composition of ma- 
10 terials, followed by aeration with nitrogen, gas-evacuation and heating to 80 "C. 

2- I sop ropenyl naphthalene 9.75 part{s) 



15 



20 



25 



.30 



(purity: 99-8 %, abbreviated as "2-IPN") 

TDM 0,2 

HPO 0.15 

TEPY 0-125 

EDTA- 0; 00375 " 

Ferrous sulfate 0.00225 " 

OLK 0.09 " 

Deionized water 200 " 



After the temperature within the autoclave reached 80 **C; 65.25 parts of BD was added to dissolve the 2- 
IPN in the autoclave, and then 0.03 part of SFS was added to start emulsion polymerization. After 4 hours from 
the start of polymerization, 0.713 part of OLK was added. From after further 1 hour (after 5 hours from the start 
of polymerization), 0.375 part of t-butyl hydroperoxide (abbreviated as "t-BHP*") and 0.375 part of SFS were 
35 intenmlttently added. The polymerization conversion after 18 hours from the start of polymerization was almost 
100 %. The resultant rubber polymer latex showed an average particle size of 220 nm. and the rubber polymer 
showed a refractive index no of 1.5372 at 23 ^C. 

The latex thus-obtained was cooled to 60 *C, and the following monomers and pdymerizatbn aids were 
added thereto and subjected to 3 hours of graft polymerization at 60 ''C. 
40 MMA 10.5part(s) 
BA 2.0" 
t-BHP 0.15" 
SFS 0.15" 
Deionized water « . 
45 Further, thefollowlng monomers and polymerization aids were added and subjected to 4 hours of graft poly- 
merization at 60 ''C. 
St 12.5part{s) 
t-BHP 0.2" 
SFS 0.2" . 

so Deionized water 1 " 

The thus^obtained latex was post-treated in the same manner as in Synthesis Example 8 to obtain a graft 
copolymer B-7, of which the characterizing parameters are also shown in Table 2. 
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[Synthesis Example 1 6: Graft copolymer B-S] 

In a glass-made pressure-resistant vessel, the following composition of monomers and polymerization aids 
was charged and subjected to 12 hours of emulsion polymerization at 60 ""C. 



12 



10 



IS 



20 



40 



50 



EP 0 514 071 A1 

63.75 part(s) 
4-Vinylbiphenyl .11.25 " 

(purity: 98 %, abbreviated as "4-VB") 
DVB 0.15 
HPO 0.125 
TEPY 0.10 
EDTA 0.00375 " 

Ferrous sulfate 0.00225 " 

OLK 0,713 " 

Deionized water 200s " 



The poiymerization conversion to the resultant rubber polymer was almost 100 %. 

To the rubber polymer latex, the following composition of monomers and polymerization aids in aqueous 
solution was added and subjected to 2.5 hours of graft polymerization at 60 "C. 
25 l\4MA 10.5part(s) 
BA ZO" 
t-BHP 0.1" 
SFS 0.12 " 

Deionized water 4.2" 

30 then, the following composition of monomer and polymerization aids in aqueous solution was added and 
subjected to 3 hours of graft polymerization. 
St 12.5part(s) 
t-BHp 0.1 " • 

SFS 0.2" 

35 Deionized water 6.7" 

The rubber polymer and resultant graft copolymer B-8 after post-treatment showed characterizing para- 
meters as shown in Table 2. 



[Synthesis Example 17: Graft copolymer B-9] 



Emulsion polymerization was perfonmed for 20 hours at 60 ''C in a similar manner as in Synthesis Example 
16 except that the composition therefor was varied by replacing the 1 1 .25 parts of 4-VB with 11,25 parts of 2- 
vinyl naphthalene (purity: 98 %, abbreviated as "2-VN") and changing the amount of HPO to 0.15 part 

The resultant rubber latex was subjected to two stages of graft.polymerization under the same conditions 
45 as in Synthesis Example 1 6. 

The resultant rubber polymer and graft copolymer B-9 after post-treatment showed characterizing para- 
meters as shown in Table 2. 
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Example 1 

A composition according to the present Invention was prepared by blending 80 parts of the copolymer A- 
1 obtained in Synthesis Example 1 and 20 parts of the graft copolymer B-1 obtained in Synthesis Example 8. 
and the properties of the composition were measure according to the respective methods described hereinbe- 
fore. 

Example 2 



A composition was prepar d and valuated in a similar manner as in Example 1 except that the composition 
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comprised 84 parts of the copolymer A-1 and 16 parts of the graft copolymer B-2 having an increased rubber 
content of 80 wt. % prepared in Synthesis Example 9. 

Examples 3 and 4 

5 

Compositions were prepared and evaluated in a similar manner as in Example 1 except that the copolymer 
A-1 was replaced by the copolymer A-2 having an increased aMS content (in Example 3) or by the copolymer 
A-3 having a larger AN content than the copolymer A-2 (in Example 4). 

10 Example 5 

A composition was prepared and evaluated in a similar manner as in Example 2 except that the copolymer 
A-1 was replaced by the copolymer A-3. 

IS Comparative Examples 1 and 2 

Compositions were prepared and evaluated In a similar manner as in Example 1 except that the compo- 
sitions were prepared by blending the graft copolymer B-4 obtained by using a butadiene/styrene copolymer 
as the rubber polymer with the copolymer A-1 (Comparative Example 1) orwith the copolymer A-3 (Comparative 
20 Examples). 

Examples 6 and 7 

Compositions were prepared and evaluated in a similar manner as In Example 1 except that the compo- 
25 sitions were prepared by blending 30 parts of the graft copolymer B-3 having an increased refractive index by 
the use of 4-IPB with 70 parts of the copolymer A-4 (Example 6) or the copolymer A-5 (Example 7) each having 
an increased refractive index based on an increased aMS content. 

Comparative Examples 3 and 4 
30 . 

Compositions were prepared and evaluated In similar manner as in Examples 6 and 7 except that the graft 
copolymer B-3 used in Examples 6 and 7 vwis replaced by the graft copolymer B-5 having an increased refrac- 
tive index by the use of an increased amount of St 

36 Comparative Examples 5-7 

Evaluation was made similarly as in Example 7 with respect to blends of ttie high-refractive index copolymer 
A-6 excluding MMA from Its components wfth tiie graft copolymer B-1 (Comparative Example 5) and wltti tiie 
graft' copolymer B-3 (Comparatwe Example 6), and also a mixture cf the copolymer A-7 having an increased 
40 refractive index similarly as the copolymer A-B with the graft copolymer B-3 (Comparative Example 7). 

Examples 8 and 9 

Compositions were prepared and evaluated In a similar manner as in Example 1 except tiiat the compo- 
45 sitions were prepared by changing tiie blend ratb of the copolymer A-1 /tiie graft copolymer B-1 to 60 parts/40 
parts (Exaniple 8) or to 70 part8/30 parts (Example 9). 

Example 10 

so A composition was prepared and evaluated in a sirhilar manner as in Example 1 except for replacing the 
graft copolymer B-1 with tiie graft copolymer B-6 containing 3-IPB also as a grafting component 

Examples 11-13 

55 Compositions were prepared and evaluated in a similar manner as in Example 1 except that the compo- 
sitions were prepared by bi nding 70 parts of the copolymer A-8 vidth 3'0 parts each of the graft copolymers B- 
7 (Example 11), B-8 (Example 12) and B-9 (Example 13) containing 2-IPN, 4-yB and 2-VN, respectively, as 
the comonomer with butadien for constituting the rubber polymer In each graft copolymer. 
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The particulars of the compositions obtained in the above Examples 1-13 and Comparative Examples 1 
- 7 and ttie physical properties thereof are incluslveiy shown In Table 3 appearing hereinafter. 

[Evaluation] 

5 

As is shown in Table 2, compared with conventional graft copolymers (B-4 and B-5) obtained by using styr- 
ene-butadiene rubber as the trunk rubber component, the graft copolymers (B-1 to B-3 and B-6 to B-9) accord- 
ing to the present invention obtained by using a copolymer of an aromatic poiycyclic vinyl monomer and buta- 
diene as the trunl< rubber component show an identicaf refractive index at a smaller aromatic polycydlc vinyl 

10 monomer content and accordingly can provide the rubber component with a lower glass transition temperature. 
As a result, as is shown in Table 3, the themnoplastic resin compositions according to the present invention 
containing the graft copolymers B-1 to B-3 and B-6 to B-9 obtained from such an aromatic poiycyclic vinyl mono- 
mer/butadiene copolymer as the rubber component together with the copolymers A-1 to A-5 and A-8 according 
to the present invention, are provided with a high heat distortion temperature, a high transparency and an ex- 

IS cellent impact resistance. It is also shown that, if the composition of the copolymer (A) is outside the range of 
the present Invention, there results In a lower polymerization yield (Copolymer A-7 In Table 1) or remarkably 
lower impact resistance and transparency (Comparative Examples 5-7 using the copolymers A-6 and A-7). Fur- 
ther, as is understood from, e.9., Examples 6, 7, 9 and 11 - 13, thermoplastic resin compositions excellent In 
balance among heat distortion temperature, transparency and impact resistance are obtained t>y using any of 

20 vinyl and isopropenyl compounds of either biphenyl or naphthalene type. 

As has been described above, according to the present invention, a thermoplastic resin composition with 
excellent balance among transparency, heat resistance and impact resistance can be obtained by blending a 
copolymer (A) comprising aMS, MMA and AN so as to provide a good combination of heat resistance and re- 
fractive Index with a graft copolymer (B) obtained by graft-polymerizing a vinyl monomer onto a rubber copo- 

25 lymer of an aromatic poiycyclic vinyl monomer and butadiene having a high refractive index and a low glass 
transition temperature. 
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Claims 

1. A thermoplastic resin composition, comprising: 

50 - 95 wt. % of a copolym r (A) of 1 0 - 75 wt % of a-methyl styrene, 1 0 - 60 wt. % of methyl me- 
thacrylate, 5 - 35 wt % of acrytonitrile and 0 - 20 wt % of a monomer copolymerizable therewith, and 
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5 - 50 wt. % of a graft copolymer (B) comprising 50 - 85 wL parts of a butadiene-based rubber poly- 
mer and 15 - 50 wt parts of a vinyl monom r g raft-poly merired onto the rxjbber polymer, the total of the 
rubber polymer and the vinyl monomer being 100 wL parts; said butadiene-based rubber polymer com- 
prising 50 - 9B wL % of butadiene, 2 - 50 wt % of an aromatic polycyclic vinyl monomer represented by 
a fomiuia (I) below and 0 - 20 wt % of a monomer copolymerizable therewith: 

Formula (I) 

R-C=CH2, 

wherein R denotes an optionally substituted biphenylyl or naphthyl group, and Ri denotes a hydrogen atom 
or a methyl group. 

2. A composition according to Claim 1 , wherein each of said copolymer (A) and graft copolymer (B) has a 
refractive index no at 25 «C of 1 .52 - 1 .56. 

3. A composition according to Claim 1 or 2, wherein said copolymer (A) comprises 20 - 70 wt % of a-me- 
thylstyrene, 1 0 - 60 wt % of methyl methacrylate, 10- 30 wt. % of acrylonitrile, and 0 - 20 wt % of a mono- 
mer copolymerizable therewith. 

4. A composition according to any of Claims 1 -3, wherein the copolymerizable monomer for constituting the 
copolymer (A) is selected from the group consisting of styrene. methacrylonltrile. methacrylic acid, acrylic 
acid, N-methylmaleimide, N-phenylmalelmide, and N-cyclohexylmale!mide. 

5. A composition according to any preceding daim, wherein said butadiene-based rubber polymer constitut- 
ing the graft copolymer (B) comprises 75 - 95 wt. % of butadiene, 5 - 25 wt. % of an aromatic polycyclic 
vinyl monomer and 0-20 wt % of a monomer copolymerizable therewith. 

6. A composition according to any preceding claim, wherein said aromatic polycyclic vinyl monomer is se- 
lected from the group consisting of 4-isopropenylbiphenyl, S-lsoprDpenylbiphenyl, 4-vlnylbiphenyl, 2-iso- 
propenylnaphthaiene, 2-vinylnaphthalene and all^l-substituted derivatives thereof. 

7. A composition according to any of Claims 1 -5, wherein said aromatic polycyclic vinyl monomer is 3-i80- 
propenylbiphenyl. * 

8. A composition according to any preceding claim, wherein the copolymerizable monomer constituting the 
butadiene-based mbber polymer in the graft copolymer (B) Is selected from the group consisting of styr- 
ene, a-methylstyrene, acrylonitrile, methacrylonitrile, acrylic acid, methacrylic acid, methyl acrytate, ethyl 
acrylate, butyl acryiate, ethylhexyl acrylata, methyl methacrylate, ethyl methacrylate and butyl methacry- 
late. 

9. A composition according to any preceding clann, wherein the butadiene-based rubber polymer constituting 
the graft copolymer (B) further contains as a constituent a polyfunctional monomer in a proportion of 10 
wt % or less of the total of the monorriers instituting the butadiene-based rubber pdymer excluding the 
polyfunctional monomer. 

10. A composition according to any preceding claim, wherein the butadiene-based rubber polymer constituting 
tile graft copolymer (B) has an average particle size of 150 - 800 nm. 

11. Acomposltion according to any preceding claim, wherein the butadiene-based rubber polymer constituting 
the graft copolymer (B) has a glass transition temperature of -20 '^C or below. 

12. A composition according to any preceding claim, wherein t(;ie vinyl monomer graft-polymerized for consti- 
tuting the graft copolymer (B) Is at least on monomer selected from the group consisting of aromatic vinyl 
compounds, vinyl cyanides, acrylic add, metiiacrylic add, alkyi acrytates. alkyi methacrylates, maleimkle 
monomers, maleic anhydride, derivatives of theabove monomers, and aromatic polycyclic vinyl monomers 
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represented by the formula (I). 

13. A composition according to any preceding claim, wherein tlie production of the copolymer (A), the pro- 
duction of the butadiene-based rubber polymer constituting the graft copolymer (B) and the graft- 
polymerization for producing the graft copolymer (B) hav be n respectively perfbnmed by emulsion poly- 
merization. 

14. A composition according to any preceding claim, which shows a heat distortion temperature of at least 
90"C, a total light transmittance of at least 78 %, and an Izod impact strength of at least 6 Kg.cm/cm. 
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